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Abstract
We take a different look at the PISA 2006 data considering time input as one
of the main ingredients for scholarly achievement. Across countries there does not
exist any clear relationship between total time spent studying (sum of class time,
homework time and time spent in private lessons) and scholarly achievement, while
more individual study time (homework time or private lessons) seems to relate
negatively to scholarly achievement. On the other hand at the country level, bet-
ter performing students are clearly the ones spending more time in class and doing
homework. However, when considering different groups of students, this positive re-
lationship breaks down. For instance girls, students with a migratory background,
and in some countries private school students spend more time doing homework but
perform worse. In order to establish a causal relationship between time input and
educational output we estimate a production function for education controlling for
students’ individual characteristics and different school environments. Results show
that while the productivity of additional study time varies across countries, more
classes and to a lesser extent more time spent doing homework have a positive effect
on scholarly achievement while the effect of private lessons is negative or at most
insignificant
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1 Introduction
Various international programs for assessing educational systems (TIMMS - Trends in In-
ternational Mathematics and Science Study, PISA -Programme for International Student
Assessment, etc.) have shown that countries that spend similar amounts on education do
very differently in terms of educating their young generations. This is important given
that as Hanushek and Woessmann [2010] point out, there exists a positive relation be-
tween trend economic growth and trend in scholarly achievement. In this sense, Spain’s
performance gives reason to worry. Despite the fact that Spain’s expenditure in primary
and secondary education is very similar to the OECD average, the performance of Spanish
students in all PISA studies has been below average (see OECD [2010], OECD [2007],
OECD [2004a] y OECD [2004b]).1 However, expenditure is just one of many possible
ingredients for the production of education.
This papers focuses on time spent studying as one of the main ingredients to learning and
educational outcomes. We present an empirical cross-country study using data from the
“Program for International Student Assessment” (PISA) in which we analyze students’
study time (class time, homework time, and time spent in private lessons), possible in-
terdependencies with aspects of students’ school environments and family backgrounds,
and the causal effect of study time on scholarly achievement. Since the pioneering work
of Schultz [1960], Becker [1962], and Ben-Porath [1967] who first formulated a production
function of education with time as the central input factor, there have been important
advances in the theory of the production of education.2 Apart from considering individual
student effort as key to scholarly achievement these advances have suggested interdepen-
dencies of effort with aspects of family background and school environment. Considering
the latter for instance, Correa and Gruver [1987] analyze the interplay between teachers
and students in a game-theoretical framework. De Fraja and Landeras [2006] show that
an increase in incentives and in the efficiency in competition among schools can result in
a decrease in effort by students. On the other hand, regarding the relation between effort
and family background, the model by Lin and Lai [1996] shows that if leisure is a normal
good and students are paid monetary rewards for their achievement they exert less effort.
Kuehn and Landeras [2012] shows that the way individual effort and family background
1In 2008, Spain’s and the average OECD member country’s spending on every primary (secondary)
student was equal to 20% (26%) and 20% (27%) of their respective GDP per capita, Worldbank [2011].
2While all three authors’ main focus is on college education and the opportunity costs of studying in
terms of forgone earnings, the notion of study time as a key input to the production of education is easily
extended to any type of education, by interpreting forgone leisure as opportunity costs (see Costrell [1994]
for a model of education standards where the production function for education is a negative function of
the student’s utility from leisure).
interact, is related to the student’s degree of risk aversion. In Albornoz et al [2011], effort
exerted by students, parents, and teachers is increasing in the average ability in the class
room.
However, while effort and time spent studying constitute the centerpieces for many the-
oretical papers on education, a large part of the empirical literature has ignored the
relationship between time input and achievement in education. Instead, the focus has
been on the direct influence of aspects of school environment on scholarly achievement.
Numerous studies have compared teacher-student ratios, the way schools are funded, com-
petition among schools, different pedagogical methods, class size, quality of teachers, etc.
in order to explain differences in scholarly achievement. Evidence on the effects of most of
these variables is mixed. Studying the relation between class size and scholarly achieve-
ment for instance, Bressoux et al [2004] and Angrist and Lavy [1999] find that larger class
size affects educational outcomes clearly negatively while Woessmann and Fuchs [2008] or
Anghel and Cabrales [2010] do not find any strong effects. Results in Rivkin et al [2005]
or Aaronson et al [2007] seem to indicate the importance of teachers’ quality rather than
class size. Gibbons et al [2008] on the other hand consider the effect of competition among
schools on scholarly achievement and find it to be neglectably small, while Hoxby [2000]
estimates it to be positive and significant. The fact that these and many other empirical
studies do not take into account time spent studying is to a large extent due to data
limitations. In the TIMSS study for instance, teachers instead of students report infor-
mation about homework time, turning the variable homework time into an estimate by
teachers of the time needed for homework assigned, rather than a measure of study time
by students. In addition, a lack of good instruments in other data sets makes it difficult
to address problems of unobserved ability and reversed causality that typically arise when
regressing homework time on scholarly achievement.
As a consequence of the lack of good data and the lack of suitable instruments, there are
only few empirical studies in the economics literature that measure effort and estimate its
effect on aspects of scholarly achievement. A recent example is Eren and Henderson [2011]
who use teachers’ opinion on whether the textbook used provides good homework sug-
gestions as an independent measure of homework time and find a positive effect of the
amount of assigned maths homework on students’ maths test scores. Other examples are
Bonesrønning [2004] who finds that for Norwegian secondary schools parental effort in ed-
ucation decreases as student’s class size increases, indicating that parental effort and class
size are complementary inputs to education. Taking advantage of an exogenous policy
change that raised peer effort and achievement but did not affect individuals’ achievement
directly, Cooley [2010] estimates how peers’ effort and achievement influence students’
scholarly performance. The paper by De Fraja et al. [2010] provides a theoretical model
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of effort by students, parents, and schools. The authors test their model empirically using
British data and find parents’ effort to be more decisive for student’s achievement than
students’ own effort or schools’ effort. Stinebrickner and Stinebrickner [2008] use infor-
mation on college roommates who own computer games or video consoles as instruments
for individual study time and find that more study time can make up for lower ability,
measured by scores in college entrance exams. Another interesting paper is Metcalfe et
al [2011] who use an exogenous increase in the value of leisure due to international football
tournaments every other year to estimate the effect of a resulting reduction in effort on
students’ achievement.
Our paper is also related to the empirical literature that uses data from the “Progam
for International Student Assessment” (PISA) to explain differences in educational out-
comes. Using data from PISA 2000, Fuchs and Wo¨ßmann [2007] estimate a linear edu-
cation production function for the sample of all participating countries and find that in
particular institutional factors of a country’s educational system can account for differ-
ences in a student’s performance. Regarding the below-average performance in PISA of
Spanish students, Ciccone and Garcia-Fontes [2008] find that average low parental edu-
cation of Spanish students can in part explain this result. Also related to the current
paper is Lavy [2010] who considers PISA 2006 data and focuses on time spent in class
rooms to explain differences in educational outcomes across countries. Using information
on instructional time per subject and PISA scores for each subject the author performs
within-student estimations and finds the effect of one additional hour of class time to be
significantly positive and to be larger in developed than in developing countries. Different
from the current paper however, the author does not consider time spent studying outside
the classroom.
Among those works that include the variable individual study time are de Bortoli and
Cresswell [2004] who compare PISA 2000 results for Aborigine and Non-Aborigine stu-
dents in Australia and find a positive relationship between time spent doing homework
and scholarly achievement for both groups, with Aborigine students obtaining worse re-
sults that might partly be due to fewer hours of homework. Looking at Canadian PISA
data, Frempong and Ma [2006] confirm a positive relationship between time spent doing
homework and scholarly achievement. The OECD [2008] quantifies the positive relation-
ship between homework time and scholarly achievement at a 3.1 percentage points higher
PISA score in science for students at schools with one extra hour of science homework
per week. A report by the OECD [2011] with a special focus on students’ study time
finds that “beyond four hours a week they [students] do not necessarily perform better
in proportion to the time they spend [studying]” (pg.13). This OECD report is closely
related to the results of the first part of the current paper and the descriptive statis-
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tics provided. However, different from the current paper, the OECD report particularly
emphasizes different ways of out-of-school learning time, while its analysis does not go
beyond that of descriptive statistics. Among the few comparative analysis are Kotte
et al [2005] who reject the hypothesis that differences in scholarly achievement between
Spanish and German students can be explained by differences in time spent doing home-
work. Rindermann and Ceci [2009] analyze results of the first three PISA studies and find
that across countries individual student effort (homework time) is negatively related to
scholarly achievement. The authors thus propose two distinct interpretations of student
effort: i) on the individual level where homework time has a positive effect on cognitive
growth, and ii) on the country level where a lot of homework time indicates low quality
of educational institutions that instead of internalizing, delegate an important part of
the learning process towards parents and students.3 However, none of these works that
include the variable individual study time, present more than mere correlations, nor do
they address problems of unobserved ability or reversed causality, making it impossible
to interpret their findings as causal.
Hence, to the best of our knowledge, the current paper is the first one to focus on stu-
dents’ individual effort, i.e. time spent studying outside the classroom, as a central input
factor to scholarly achievement and to attempt to establish a causal relationship between
time input and educational outcomes, employing PISA 2006 data. The current paper
thus contributes to a better understanding of one of the key determinants for scholarly
achievement: individual study time. For our analysis we focus in particular on seven
OECD countries, Spain, the three best performing countries (Finland, Canada, and Ko-
rea), and the three lowest ranked countries (Mexico, Greece, and Turkey). The remainder
of the paper is organized as follows. We first present the PISA 2006 data set and pro-
vide some descriptive statistics for the seven countries considered. Section 3 presents
a descriptive analysis of time input to education and students’ individual effort and its
interdependencies with various aspects of family background and school environment. In
Section 4 we estimate a production function for education, instrumenting homework time
and time spent in private lessons for a particular subject by homework time and time
spent in private lessons for another subject. Section 5 concludes.
3This last aspect of delegating part of the learning process and turning parents into “afternoon-
teachers” is what provoked a recent two-week strike by French parents against homework assignments in
primary school (see El Pa´ıs: 02/04/[2012]).
4
2 Data
Data base For our analysis we use data from the “Progam for International Student
Assessment” (PISA), administered by the OECD. PISA tests students of age 15, indepen-
dently of the grade they are in. Test subjects are reading, maths, and science. In addition,
PISA administers individual student questionnaires, school questionnaires, and in some
countries parent questionnaires gathering information not only on students’ performance
but also on their study habits, interests, family background, and school environment.
PISA was carried out in 2000, 2003, 2006, and 2009. While, the first three PISA stud-
ies all include the variable time spent studying reported by students, only PISA 2006
provides information for weekly class time, homework time, and time spent studying in
private lessons separate for each subject. This is why we use PISA 2006 data for our
analysis.
In 2006, PISA tested samples of around 4,000 to 30,000 students in all 30 OECD countries,
as well as in 27 non-OECD countries. For most of our analysis we restrict our attention
to results from seven countries: Spain, as well as the three best (Korea, Finland, Canada)
and the three worst performing OECD countries (Mexico, Greece, Turkey).4 Thirteen dif-
ferent test booklets containing different combinations of all three subjects were designed
and assigned randomly to approximately 35 students in selected schools. While not all
students were tested in all three subjects, all students were asked to solve some exercises
related to the focus subject of PISA 2006, science.5 Apart from time spent studying we
also consider students’ individual characteristics as gender, age, migrant status, and if
the student has repeated a grade. Regarding students’ parental background we focus on
variables like highest parental occupation among both parents and most years of schooling
among both parents, as well as all information available on household possessions. We
also consider if students attend public or privately owned schools.
4In the sample of these seven countries, the parent questionnaire was only administrated in Korea and
Turkey. Hence we do not use any information from this questionnaire.
5However, all students are assigned scores for all subjects because as is important to note, PISA scores
are estimated values, so called plausible values that contain students’ test scores as well as background
information from questionnaires. These scores are meant to reflect the distribution of students’ perfor-
mance in a country rather than a student’s individual performance. For each student and each subject
PISA reports five plausible values (PVs) which implies that for a correct representation of the under-
lying distribution means and coefficients have to be estimated five times while standard deviations and
errors are means of 80 differently weighted estimators (see OECD [2009] for the exact description of the
technical procedure involved). We have done so for all statistics except our estimation in Section 4.
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Descriptive Statistics Table 2.1 provides descriptive statistics from PISA 2006 for all
seven countries considered as well as the OECD average. In Finland, Korea, Turkey, and
Greece around 4,000-5,000 students in around 150-200 schools participated in PISA 2006.
Spain, Canada, and Mexico requested larger samples and hence around 20,000 to 30,000
students in approximately 600-1200 schools took the PISA 2006 test in these countries.6
Regarding the performance of students, Finish students did best in maths and science,
while Korean students ranked first in reading and second in maths. Canadian students
came second in maths and third in reading. Mexican students were ranked last in all sub-
jects, while Turkish and Greek students came in second last and third last respectively.7
As mentioned before Spanish students were ranked below OECD average in all subjects,
24th in maths, 23rd in science, and 26th in reading.
Time students spend studying maths, science, language and other subjects in class, at
home, or in private lessons varies widely across countries. While Finish students spend
around 14 hours per week in class, Canadian students spend on average more than 17
hours studying in class.8 Average time spent doing homework ranges from more than
eight and a half hours in Turkey, to slightly more than five hours per week in Finland.
Considering private lessons, again Finish students are the ones reporting least weekly
time spent studying in private lessons (1.8 hours), while Greek students report almost
eight hours of private lessons per week. There is also a large variation in the number of
students who have repeated a grade. In Spain, Mexico and Turkey over 40% of students
have repeated at least one grade, while in Korea this phenomenon applies to only around
2% of students.9 About half of all students are girls. Given that PISA tests 15 years
olds independently of the grade they are in, we observe relatively little variation in age.
The share of students who are first or second generation immigrants also varies across
countries. In Canada around 21% of students have a migratory background and in Greece
and Spain approximately 7% of students are first or second generation immigrants. On
the other hand, in Finland, Turkey, Korea, and Mexico this was the case for less than 3%
of students.
6The number of students corresponds to the number of participating students less those excluded for
non-eligibility, physical, mental, or linguistic reasons. Exclusion percentages are less than 1% in Turkey,
Mexico, Korea, around 1.3% in Greece, 2.8% in Spain and Finland and 7.4% in Canada.
7Note that in PISA 2006, results for US students in reading were declared invalid, hence results for
reading are only published for 29 OECD countries.
8Note that in order to obtain continuous time variables we followed the OECD [2011] report and
recoded students’ answers in the following way: ’No time’ -0; ’less than two hours’ - 1; ’between 2 and 4
hours’ - 3; ’between 4 and 6 hours’ - 5 and ’6 and more hours’ - 7.
9The PISA data set does not include information about students repeating grades but using the
students’ date of birth together with information on the cut-off-date for entry into primary schools in
each country we are able to observe if students are in grade lower than the one they should be according
to age, see Bedhard and Dhuey [2006].
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Considering students’ parental background, PISA suggests a division of occupational sta-
tus according to the ISCO-88 classification adopted by the International Labor Organi-
zation [1990].10Across all countries considered, there are more students with high white
collar background than any other occupational background. However, while this applies
to more than 60% of students in Canada and Korea, only slightly more than 30% of
students in Mexico and Turkey come from a high white collar background. On the other
hand, in Spain, Turkey, and Mexico more than 30% of students come from a blue collar
background, compared to less than 15% of students in Canada and Korea. Regarding
individual and household possessions, in all seven countries around 80-90% of students
own a desk and more than half of all households own more than one TV. Between 40-
70% of students own some works of classical literature while one fourth to two thirds
own educational software.11 School environments also differ across countries, with private
schools being more important in Spain, Korea, and Mexico compared to Finland, Turkey,
or Greece.
3 Time Input to Education
Citing Ben-Ponrath [1967] ” It is hard to think of forms of human capital that the individ-
ual can acquire as final goods-he has to participate in the creation of his human capital.”
(p.352); How much time do 15 years old spend creating their human capital?.
Time spent studying across countries For our analysis of students’ time input to
education we distinguish between time in class, time spent doing homework, and private
lessons. Table 3.2 contains country means of absolute values and fractions of weekly study
time for each of the three subjects.
10 According to this division, individuals with occupations as legislators, senior official, managers,
professionals, technicians, and associate professionals are considered as belonging to the high white collar
group. Those working as clerks, service workers and market sales workers are grouped as low white collar
individuals. Occupations such as skilled agricultural and fishery workers and craft and related trades
workers are classified as high blue collar jobs. Individuals working as plant and machine operators and
assemblers or in elementary occupations are regarded as low blue collar workers.
11Questions regarding household possessions included in the student questionnaire are the following:
1) Do you own a (i) desk, (ii) study place, (iii) room, (iv) computer for school work (v) educational
software (vi) internet connection (vii) own calculator (viii) classical literature (ix) poetry (x) art (xi)
textbooks (xii) dictionary (xiii) dishwasher (xix) dvd player and 2) Are there in your household (xx) cell
phones (how many) (xxi) TVs (how many) (xxii) computers (how many) (xxiii) cars (how many). For
an exhaustive list including the percentages of missing responses see Table A-1.1 of the Appendix A-1.
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Table 3.2: Average Study Time
Average Weekly hours(std.) dedicated to:
[% of total study time]:
Class Homework Private Lessons Total
Mathematics
Spain 3.42(0.03) [58%] 1.96(0.03) [30%] 0.99(0.02) [13%] 6.28(0.06)
Finland 3.45(0.04) [71%] 1.20(0.02) [23%] 0.37(0.02) [6%] 4.98(0.06)
Korea 4.70(0.05) [57%] 2.31(0.07) [22%] 2.28(0.04) [21%] 9.19(0.13)
Canada 4.50(0.04) [63%] 1.97(0.03) [26%] 0.94(0.02) [11%] 7.25(0.07)
Mean OECD 3.89(0.01) [57%] 1.97(0.01) [29%] 1.07(0.01) [16%] 6.83(0.02)
Mexico 3.94(0.03) [55%] 2.26(0.03) [32%] 1.18(0.03) [14%] 7.22(0.06)
Turkey 3.82(0.06) [51%] 2.31(0.05) [32%] 2.08(0.05) [27%] 8.07(0.14)
Greece 3.45(0.04) [49%] 2.00(0.03) [25%] 2.23(0.05) [26%] 7.55(0.10)
Science
Spain 3.12(0.04) [59%] 1.74(0.03) [31%] 0.68(0.02) [11%] 5.44(0.07)
Finland 3.13(0.04) [71%] 1.07(0.02) [23%] 0.32(0.01) [6%] 4.49(0.06)
Korea 3.58 0.06) [67%] 1.22(0.06) [19%] 1.02(0.04) [14%] 5.78(0.13)
Canada 4.00(0.04) [66%] 1.55(0.03) [26%] 0.55(0.01) [9%] 5.96(0.06)
Mean OECD 3.21(0.02) [60%] 1.56(0.01) [29%] 0.70(0.01) [13%] 5.37(0.02)
Mexico 3.15(0.04) [49%] 2.12(0.03) [37%] 1.00(0.03) [15%] 6.11(0.07)
Turkey 2.86(0.09) [51%] 1.64(0.05) [28%] 1.35(0.05) [21%] 5.77(0.18)
Greece 3.18(0.05) [48%] 1.85(0.04) [26%] 1.99(0.04) [26%] 6.88(0.10)
Reading
Spain 3.60(0.03) [61%] 1.89(0.03) [27%] 0.58(0.02) [12%] 5.97(0.05)
Finland 3.13(0.05) [71%] 1.13(0.02) [23%] 0.36(0.01) [6%] 4.60(0.07)
Korea 4.48(0.04) [66%] 1.40(0.03) [17%] 1.45(0.04) [17%] 7.25(0.09)
Canada 4.43(0.04) [66%] 1.74(0.03) [24%] 0.86(0.02) [11%] 6.89(0.06)
Mean OECD 3.84(0.01) [60%] 1.78(0.01) [28%] 0.92(0.01) [14%] 6.44(0.02)
Mexico 3.73(0.04) [55%] 2.06(0.03) [31%] 1.10(0.03) [15%] 6.72(0.07)
Turkey 3.99(0.05) [55%] 2.18(0.05) [26%] 1.81(0.05) [23%] 7.87(0.12)
Greece 3.18(0.04) [51%] 1.94(0.03) [28%] 1.63(0.03) [22%] 6.62(0.08)
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While in Spain students spend on average a total of around 6 hours per week studying
mathematics and language, in some countries with better scholarly achievement (Korea
and Canada) students spend more time studying these subjects while in others (Finland)
they spend less time. On the other hand, in the three worst ranked OECD countries
(Mexico, Turkey, and Greece) students spend more time studying math, science, and
reading than Canadian, Finish or Spanish students.12 Hence, no clear relationship be-
tween time input and educational outcome across countries seems to exist. Scatter plots
relating PISA 2006 results and average weekly total time spent studying (sum of time
in class, doing homework and in private lessons) displayed in Figure 3.1 confirm that
this observation holds across all 57 countries that participated in PISA 2006. If at all,
there is a slightly negative relationship, with countries in which students report higher
average study time obtaining worse PISA 2006 results in science. However, numbers in
Table 3.2 refer to weekly hours of classes, not taking into account differences in the length
of school year across countries, i.e. that in some countries schools operate during more
weeks per year than in others countries. Taking into account this information and thus
considering total instruction time per year does not alter the overall picture. There is no
clear relationship between average instruction time per year and scholarly achievement
across countries. Spanish and Finish students receive about the same amount of weekly
science classes but given additional school weeks in Finland, Finish students receive more
total science lessons per year. On the other hand, Korean students spend more time per
week in class rooms, but during the course of the year they receive less reading and maths
classes compared to Spanish students. Considering students in worst ranked countries
like Mexico and Greece we observe that they receive more maths, science, and reading
classes per week and also per year.13
However, when we take a look at how students divide their total study time among
class time, homework time, and private lessons, a clear cross-country relationship arises.
Students in better performing countries (Canada, Korea) receive more than four and
a half hours per week of maths and language classes, compared to fewer than 4 hours
per week in Mexico, Turkey, and Greece. While Finland seems to be an exception, if
instead of considering absolute time, we look at shares of study time spent in class, Finish
students turn out to be very similar to Canadian and Korean students. Students in these
three countries spend around 60-70% of their study time in the classroom. Compared to
worse-ranked countries, these students from better performing countries hence seem to
spend on average a larger fraction of their total study time in the classroom.14 Across all
12We also consider statistics for the average OECD using national student weights and considering the
OECD one big country.
13See Table A-1.2 of the Appendix A-1 for average instruction times per year.
14Korea, one of the best-ranked countries according to PISA 2006, is an exception as Korean students
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Figure 3.1: Country Average Total Time Spent Studying and Average PISA Score
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countries that participated in PISA 2006 we observe a clearly positive relationship between
the average fraction of study time spent in the classroom and the country’s PISA 2006
result, see Figure 3.2. Differentiating between absolute and relative time spent in the
classroom, the OECD [2011] suggests a division of countries into four groups relative to
the average OECD, (i)countries where students spend more relative and absolute time in
the classroom (Korea, Canada), (ii) countries where students spend less absolute but more
relative time in the classroom (Finland, Spain), (iii) countries where students spend more
absolute but less relative time in the classroom (Turkey, Mexico), and (iv) countries where
students spend less absolute and less relative time in the classroom (Greece). Regarding
homework time and private lessons, students in better performing countries spend less
absolute and relative time doing homework and receiving private lessons compared to
students in worse-ranked countries (see Figures A-1 and A-2 of the Appendix A-1). This
observation is in line with findings by Rindermann and Ceci [2009] who report a negative
cross-country correlation of -0.22 between average time spent doing homework and PISA
test scores.
Country correlations study time and achievement On the other hand, at the
country level, contrary to our cross-country findings we observe positive correlations be-
spend a lot of time in private lessons, see Kim and Lee [2010] for a study on private tutoring in Korea.
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Figure 3.2: Country Average Fraction of Total Time Spent Studying in Class and Average
PISA Score
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tween homework time and scholarly achievement as well as total time input and achieve-
ment. Regarding the latter, correlations for all subjects between scholarly achievement
and total time input, range from 0.3 and larger in Korea, to correlations between 0.14
and 0.03 in Mexico (see Table 3.3). Differentiating among the three types of time inputs
reveals a positive relation for all countries between class time and scholarly achievement
and time spent doing homework and scholarly achievement, and a negative relationship
between hours of private lessons and achievement, with the exception of Korea. Correla-
tions for class time and achievement are similar across countries and lie in the range of
0.2 - 0.3. There is greater variation considering correlations between homework time and
achievement, ranging from 0.4 to 0.01. In Korea, Spain, Greece, and Turkey (with the
exception of the subject reading) correlations between homework time and achievement
are relatively higher compared to other countries.15 Negative correlations between private
lessons and achievement lie in the range of around -0.15 and are most likely due to the
fact that in most countries students of low ability are more likely to attend private lessons
more frequently than high ability students.
15Considering all 57 countries, one finds that at the country level different from the cross-country
observation, correlations between scholarly achievement and class time is stronger for absolute rather
than relative amounts of time spent in class (see OECD [2011].)
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Table 3.3: PISA 2006: Correlations between Study Time and PISA Scores
Correlation PISA test score and weekly hours dedicated to(Std.):
Class Homework Private Lessons Total time
Mathematics
Spain 0.21(0.02) 0.11(0.02) -0.15(0.01) 0.10(0.02)
Finland 0.15(0.02) 0.02(0.02) -0.17(0.02) 0.05(0.02)
Korea 0.31(0.03) 0.41(0.03) 0.33(0.02) 0.48(0.03)
Canada 0.20(0.01) 0.04(0.01) -0.18(0.01) 0.08(0.01)
Mean OECD 0.26(0.01) 0.07(0.01) -0.11(0.01) 0.13(0.01)
Mexico 0.26(0.01) 0.03(0.02) -0.12(0.02) 0.14(0.01)
Turkey 0.35(0.02) 0.23(0.02 0.24(0.02) 0.35(0.02)
Greece 0.28(0.02) 0.14(0.02) 0.18(0.02) 0.26(0.02)
Science
Spain 0.36(0.01) 0.21(0.02) -0.13(0.02) 0.27(0.02)
Finland 0.30(0.02) 0.09(0.02) -0.16(0.02) 0.20(0.02)
Korea 0.24(0.04) 0.25(0.04) 0.19(0.03) 0.32(0.04)
Canada 0.28(0.01) 0.12(0.01) -0.12(0.01) 0.20(0.01)
Mean OECD 0.30(0.01) 0.06(0.01) -0.13(0.01) 0.17(0.01)
Mexico 0.09(0.01) 0.01(0.02) -0.17(0.02) 0.03(0.01)
Turkey 0.43(0.03) 0.26(0.02) 0.29(0.03) 0.41(0.03)
Greece 0.43(0.02) 0.13(0.02) 0.17(0.17) 0.33(0.02)
Reading
Spain 0.23(0.02) 0.10(0.02) -0.27(0.01) 0.08(0.02)
Finland 0.15(0.02) 0.10(0.02) -0.16(0.02) 0.08(0.02)
Korea 0.26(0.02 0.22(0.02) 0.20(0.02) 0.33(0.02)
Canada 0.20(0.01) 0.08(0.01) -0.16(0.01) 0.10(0.01)
Mean OECD -0.06(0.01) 0.03(0.01) 0.08(0.01) 0.01(0.01)
Mexico 0.20(0.02) 0.01(0.02) -0.17(0.02) 0.08(0.02)
Turkey 0.23(0.03) -0.01(0.03) -0.03(0.03) 0.09(0.03)
Greece 0.29(0.02) 0.08(0.01) 0.04(0.02) 0.19(0.02)
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Study time for different achievers In order to further investigate the relationship
between study time and ability of students, suggested by the negative correlation be-
tween private lessons and achievement, we consider grouping students according to their
achievement in PISA 2006. Regarding the distribution of students’ performance, for each
subject PISA defines four groups of achievers: low, moderate, strong, and top achievers.
We adopt this classification and focus in particular on the two extreme groups, low and
top achievers.16 Table 3.4 displays average study time in class, doing homework, and
in private lessons for low and top achievers for each subject. In general, top achievers
spend more time doing homework than low achievers and they also spend more time in
the classroom. However, as suggested by the negative correlation between private lessons
and achievement, top achievers clearly spend less time in private lessons than low achiev-
ers. However, there are some exceptions. As mentioned before, Korea is an exception
regarding a positive relationship between achievement and time spent studying in private
lessons. Hence it does not come as a surprise that Korean top achievers spend more time
in private lessons compared to low achievers. The same holds true for Turkish and Greek
students for the subjects of maths and science. Hence, with the exception of private
lessons, numbers of Table 3.4 seem to suggest a clearly positive and almost monotonous
relationship between scholarly achievement and time input for all seven countries.
However, when considering how different achievers divide their total study time into time
in class, time spent doing homework, and time spent in private lessons, and thus consid-
ering relative instead of absolute time spent studying, the relationship between scholarly
achievement and time input weakens (see Table A-1.3 of the Appendix A-1). While in
most countries, belonging to the top achievement group is associated to a larger fraction
of time spent in class, in Korea the relationship is inverted. Regarding all subjects, com-
pared to low achievers Korean top achievers spend a smaller fraction of their study time in
class and a larger fraction doing homework. In Canada the fraction of time students spend
doing homework is constant across different groups of achievers. On the other hand, in
Mexico better performing students dedicate a smaller fraction of time to homework than
those achieving lower results. Hence, the almost monotonous relationship of time input
and achievement only holds when considering absolute amounts of time. When consider-
ing fractions of time instead, relationships between time input and educational outcome
seem to be quite distinct across countries.
16See OECD [2010] for the details. Here we only report results for low and top achievers but the result
of more class time and more homework time being associated to better achievers hold across all four
groups.
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Table 3.4: PISA 2006: Study Time and Proficiency Level
Weekly hours dedicated to class/homework/private classes:
according to type of achiever
Mathematics Low (< 420) Top(> 607)
Spain 3.10(0.04)/1.81(0.04)/1.22(0.03) 3.78(0.06)/2.14(0.05)/0.44(0.03)
Finland 2.83(0.12)/1.17(0.09)/0.82(0.08) 3.67(0.06)/1.24(0.03)/0.21(0.02)
Korea 3.45(0.13)/1.01(0.09)/0.99(0.10) 5.11(0.08)/3.42(0.14)/3.08(0.09)
Canada 3.51(0.10)/1.77(0.07)/1.38(0.06) 4.98(0.07)/2.01(0.06)/0.59(0.04)
Mean OECD 3.18(0.03)/1.84(0.02)/1.31(0.02) 4.52(0.03)/2.26(0.03)/0.84(0.03)
Mexico 3.49(0.05)/2.20(0.05)/1.30(0.04) 5.15(0.20)/2.48(0.33)/0.75(0.38)
Turkey 3.22(0.07)/1.93(0.05)/1.65(0.05) 5.19(0.14)/3.20(0.26)/3.05(0.21)
Greece 2.86(0.07)/1.77(0.06)/1.75(0.08) 4.35(0.14)/2.76(0.14)/2.65(0.19)
Science Low (< 409) Top(> 632)
Spain 2.31(0.05)/1.40(0.05)/0.90(0.04) 4.65(0.10)/2.43(0.07)/0.28(0.04)
Finland 2.15(0.13)/1.08(0.11)/0.75(0.12) 3.79(0.07)/1.21(0.04)/0.20(0.03)
Korea 2.84(0.11)/0.72(0.06)/0.56(0.06) 3.98(0.23)/1.84(0.25)/1.38(0.17)
Canada 2.71(0.10)/1.21(0.06)/0.79(0.05) 4.89(0.08)/1.79(0.06)/0.36(0.03)
Mean OECD 2.35(0.04)/1.45(0.02)/0.93(0.02) 4.32(0.04)/1.79(0.04)/0.43(0.02)
Mexico 3.00(0.06)/2.11(0.05)/1.20(0.04) 4.43(0.56)/2.56(0.54)/0.57(0.21)
Turkey 1.94(0.07)/1.25(0.04)/0.96(0.05) 6.03(0.35)/3.05(0.49)/3.35(0.48)
Greece 1.99(0.07)/1.63(0.07)/1.51(0.07) 4.77(0.19)/2.70(0.20)/2.52(0.25)
Reading Low (< 407) Top(> 625)
Spain 3.68(0.03)/1.94(0.03)/0.55(0.02) 4.03(0.07)/2.06(0.07)/0.06(0.02)
Finland 3.14(0.05)/1.14(0.02)/0.36(0.01) 3.30(0.07)/1.30(0.05)/0.23(0.04)
Korea 4.49(0.04)/1.41(0.03)/1.46(0.04) 4.85(0.06)/1.85(0.07)/1.88(0.08)
Canada 4.46(0.04)/1.74(0.03)/0.85(0.02) 5.01(0.09)/1.95(0.07)/0.48(0.05)
Mean OECD 3.89(0.01)/1.78(0.01)/0.90(0.01) 3.76(0.04)/1.86(0.03)/1.02(0.03)
Mexico 3.91(0.04)/2.05(0.03)/2.05(0.03) 4.66(0.24)/2.02(0.21)/0.50(0.18)
Turkey 4.07(0.05)/2.20(0.05)/1.83(0.05) 4.36(0.15)/1.45(0.20)/1.12(0.19)
Greece 3.33(0.04)/1.98(0.03)/1.66(0.04) 3.64(0.15)/2.10(0.16)/1.52(0.16)
15
3.1 Time Input, Family Background, and School Environment
Belonging to a the low or top achievement group is closely related with certain aspects
of a student’s family background and school environment. Private school students and
children of non-migrant parents with high white-collar occupations are represented more
strongly among top achievers than among low achievers. For instance, while more than
half of all Spanish top achievers attend private school, only around one third of low achiev-
ers do so. In Canada, almost 30% of low achievers in science and maths are migrants,
while among top achievers, migrants represent only around 20%. Regarding a student’s
parental background, in Finland around 70% of top achievers in science or maths own
some works of classical literature compared to only around 30% of low achievers, while
in Turkey almost 70% of top achievers have parents of high white collar occupations,
compared to less than 40% of low achieving students.17
Given such a marked relationship between scholarly achievement and aspects of a student’s
family background and school environment the question arises if scholarly achievement is
mainly determined by individual time input or if differences in achievement arise because
of other factors associated with different aspects of family background and school environ-
ment. Put differently: Do children of non-migrant parents with white-collar occupations
who attend private schools perform better because they spend more time studying or is
their performance due to other factors that differentiate them from working class immi-
grants who attend public schools? In case differences in performance turn out to be due
to differences in individual time inputs, results of Table 3.4 could be interpreted as causal.
However, mean individual study time (homework time and time spent in private lessons)
together with average performance of different groups displayed in Tables 3.5 and 3.6
show that this is generally not the case.
In particular girls tend to spend more time doing maths homework but perform worse.
Even though in many countries girls tend to receive fewer private lessons than boys, total
individual study time (homework time plus private lessons) of girls in maths tends to be
more than that of boys. On the other hand, girls obtain better results in reading than
boys but they also tend to dedicate more time to individual study of language. Results for
science are mixed. Finish, Korean, Turkish, and Greek girls outperform boys in science
but with the exception of Greek girls they also do spend more time in individual science
study. We observe a similar phenomenon when comparing students according to their
migratory background. Students who are 1st or 2nd generation immigrants tend to spend
more time in individual study but perform worse.
17See Table A-1.4 of the Appendix A-1. For the subject of reading the differences are less marked.
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Table 3.5: PISA 2006: Study time and Individual Characteristics
Weekly hours dedicated to individual study (std) [score]:
homework/private lessons by group
Boys Girls Immigrants Natives
Mathematics
Spain 1.74(0.03)/0.93(0.03) [484] 2.18(0.04)/1.06(0.05) [476] 2.00(0.12)/0.89(0.08) [429] 1.96(0.03)/1.00(0.02) [485]
Finland 1.12(0.02)/0.42(0.02) [554] 1.29(0.02)/0.32(0.02) [543] 1.40(0.13)/0.76(0.17) [466] 1.20(0.02)/0.36(0.02) [550]
Korea* 2.29(0.10)/2.30(0.08) [552] 2.33(0.07)/2.25(0.07) [543]
Canada 1.73(0.04)/0.91(0.03) [534] 2.21(0.04)/0.96(0.02) [520] 2.47(0.08)/1.30(0.05) [524] 1.84(0.02)/0.83(0.02) [531]
Mean OECD 1.84(0.02)/1.09(0.01) [489] 2.10(0.01)/1.05(0.01) [478] 2.13(0.04)/1.25(0.03) [458] 1.96(0.01)/1.05(0.01) [489]
Mexico 2.21(0.04)/1.25(0.04) [410] 2.31(0.04)/1.11(0.04) [401] 2.40(0.24)/1.43 (0.18) [321] 2.25(0.03)/1.16(0.03) [411]
Turkey 2.15(0.05)/1.96(0.05) [427] 2.50(0.07)/2.21(0.07)[421] 1.85(0.37)/1.67(0.49) [456] 2.32(0.05)/2.09(0.05) [425]
Greece 2.07(0.05)/2.21(0.07) [461] 1.94(0.04)/2.25(0.06) [457] 1.75(0.10)/1.31(0.10) [424] 2.02(0.04)/2.31(0.06) [463]
Science
Spain 1.53(0.03)/0.67(0.03) [491] 1.95(0.04)/0.69(0.03) [486] 1.76(0.09)/0.64(0.05) [434] 1.73(0.03)/0.68(0.03) [494]
Finland 0.97(0.02)/0.36(0.02) [562] 1.17(0.03)/0.29(0.01) [565] 1.12(0.11)/0.52(0.10) [472] 1.07(0.02)/0.32(0.01)[566]
Korea* 1.23(0.09)/1.09(0.06) [521] 1.21(0.04)/0.95(0.05) [523]
Canada 1.35(0.03)/0.55(0.02) [536] 1.76(0.03)/0.56(0.02) [532] 2.05(0.06)/0.76(0.04) [524] 1.42(0.02)/0.49(0.01) [541]
Mean OECD 1.46(0.01)/0.74(0.01) [492] 1.65(0.01)/0.66(0.01) [490] 1.74(0.03)/0.82(0.02) [457] 1.54(0.01)/0.68(0.01) [497]
Mexico 2.05(0.04)/1.07(0.03) [413] 2.19(0.03)/0.95(0.03) [406] 2.21(0.13)/1.63(0.31) [319] 2.13(0.03)/0.98(0.03) [415]
Turkey 1.55(0.05)/1.34(0.06) [418] 1.75(0.07)/1.36(0.07) [430] 1.36(0.25)/1.11(0.34) [440] 1.66(0.05)/1.36(0.05) [425]
Greece 1.85(0.05)/1.99(0.05) [468] 1.84(0.04)/1.99(0.05) [479] 1.54(0.11)/1.40(0.12) [433] 1.87(0.04)/2.04(0.04) [478]
Reading
Spain 1.64(0.04)/0.63(0.03) [443] 2.14(0.04)/0.53(0.02) [479] 1.89(0.09)/0.83(0.09) [415] 1.89(0.03)/0.56(0.02) [465]
Finland 0.95(0.02)/0.36(0.02) [521] 1.32(0.03)/1.83(0.02) [572] 1.22(0.13)/0.75(0.12) [490] 1.13(0.02)/0.36(0.01) [549]
Korea* 1.37(0.04)/1.49(0.06) [539] 1.44(0.04)/1.40(0.05) [574]
Canada 1.47(0.03)/0.78(0.02) [511] 2.01(0.03)/0.95(0.03) [543] 2.14(0.07)/1.12(0.05) [523] 1.63(0.02)/0.79(0.02) [532]
Mean OECD 1.58(0.01)/0.89(0.01) [466] 1.98(0.01)/0.95(0.01) [502] 1.92(0.04)/1.14(0.03) [455] 1.76(0.01)/0.89(0.01) [488]
Mexico 1.96(0.04)/1.15(0.03) [393] 2.14(0.03)/1.06(0.04) [427] 2.19(0.21)/1.36(0.21) [299] 2.06(0.03)/1.09(0.03) [417]
Turkey 1.94(0.04)/1.64(0.05) [427] 2.45(0.07)/2.02(0.06) [471] 2.19(0.25)/1.62(0.24) [437] 2.18(0.05)/1.82(0.05) [448]
Greece 1.64(0.04)/1.42(0.04) [432] 2.24(0.04)/1.83(0.04) [488] 1.65(0.10)/1.23(0.11) [431] 1.95(0.03)/1.66(0.04) [464]
*For Korea, means for migrants and natives are not considered given that there is only one student in the PISA 2006 sample who is a 2nd
generation migrant.
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Table 3.6: PISA 2006: Study time, Parental Background and School Environment
Weekly hours dedicated to individual study (std) [score]:
homework/private classes by group
bluecollar whitecollar public private
Mathematics
Spain 1.93(0.24)/1.01(0.50) [457] 1.98(0.03)/0.98(0.02) [495] 1.91(0.04)/0.99(0.03) [466] 2.06(0.05)/1.00(0.04) [505]
Finland 1.17(0.04)/0.40(0.03) [525] 1.21(0.02)/0.36(0.02) [554] 1.19(0.02)/0.36(0.02) [549] 1.58(0.15)/0.58(0.10) [533]
Korea 1.97(0.07)/1.78(0.08) [529] 2.38(0.07)/2.37(0.04) [551] 2.23(0.12)/2.18(0.09) [549] 2.41(0.09)/2.39(0.10) [545]
Canada 1.80(0.06)/0.98(0.05) [496] 2.00(0.03)/0.92(0.02) [534] 1.95(0.03)/0.93(0.02) [524] 2.35(0.07)/1.02(0.06) [575]
Mean OECD 1.94(0.02)/1.14(0.02) [438] 1.99(0.01)/1.05(0.01) [501] 1.99(0.01)/1.09(0.01) [476] 1.99(0.04)/1.07(0.03) [518]
Mexico 2.26(0.05)/1.24(0.05) [383] 2.26(0.03)/1.13(0.04) [428] 2.29(0.03)/1.23(0.03) [398] 2.09(0.06)/0.90(0.06) [448]
Turkey 2.19(0.05)/1.88(0.05) [404] 2.43(0.06)/2.30(0.07) [446] 2.30(0.05)/2.06(0.05) [423] 1.62(0.17)/1.28(0.22) [444]
Greece 1.78(0.05)/1.80(0.08) [423] 2.09(0.04)/2.40(0.05) [476] 2.00(0.04)/2.25(0.06) [455] 2.12(0.11)/1.83(0.11) [526]
Science
Spain 1.63(0.98)/0.70(0.16) [463] 1.80(0.03)/0.66(0.03) [504] 1.64(0.03)/0.66(0.03) [475] 1.90(0.05)/0.72(0.05) [513]
Finland 1.04(0.04)/0.35(0.03) [540] 1.08(0.02)/0.31(0.01) [569] 1.07(0.02)/0.32(0.01) [564] 1.29(0.17)/0.50(0.12) [557]
Korea 1.07(0.05)/0.78(0.05) [507] 1.25(0.06)/1.07(0.04) [525] 1.27(0.10)/1.13(0.08) [524] 1.16(0.04)/0.90(0.06) [520]
Canada 1.39(0.05)/0.54(0.03) [497] 1.58(0.03)/0.55(0.01) [543] 1.56(0.03)/0.56(0.01) [532] 1.67(0.08)/0.54(0.04) [575]
Mean OECD 1.57(0.02)/0.78(0.01) [442] 1.57(0.01)/0.67(0.01) [509] 1.60(0.01)/0.74(0.01) [485] 1.46(0.04)/0.58(0.02) [520]
Mexico 2.14(0.05)/1.09(0.04) [388] 2.12(0.03)/0.94(0.04) [432] 2.15(0.03)/1.05(0.03) [402] 2.00(0.07)/0.76(0.06) [450]
Turkey 1.55(0.05)/1.16(0.05) [406] 1.75(0.08)/1.55(0.08) [443] 1.64(0.05)/1.35(0.05) [424] 1.62(0.17)/1.28(0.22) [431]
Greece 1.63(0.06)/1.67(0.07) [436] 1.93(0.04)/2.11(0.05) [490] 1.83(0.04)/2.01(0.05) [469] 2.11(0.11)/1.66(0.08) [544]
Reading
Spain 1.82(0.29)/0.70(0.15) [438] 1.92(0.03)/0.51(0.02) [475] 1.84(0.04)/0.64(0.03) [446] 1.97(0.05)/0.48(0.03) [488]
Finland 1.04(0.04)/0.38(0.04) [523] 1.15(0.02)/0.35(0.01) [553] 1.13(0.02)/0.36(0.01) [547] 1.25(0.16)/0.57(0.15) [540]
Korea 1.16(0.05)/1.19(0.07) [543] 1.45(0.03)/1.50(0.04) [559] 1.37(0.05)/1.39(0.07) [554] 1.44(0.05)/1.51(0.06) [558]
Canada 1.66(0.07)/0.92(0.05) [489] 1.75(0.03)/0.85(0.02) [536] 1.77(0.03)/0.89(0.02) [524] 1.61(0.05)/0.65(0.03) [573]
Mean OECD 1.80(0.02)/1.05(0.02) [437] 1.78(0.01)/0.88(0.01) [504] 1.82(0.01)/0.96(0.01) [477] 1.62(0.04)/0.78(0.03) [510]
Mexico 2.02(0.03)/1.19(0.04) [385] 2.08(0.04)/1.03(0.04) [436] 2.09(0.03)/1.17(0.03) [402] 1.86(0.07)/0.77(0.05) [459]
Turkey 2.24(0.05)/1.84(0.06) [427] 2.13(0.06)/1.79(0.06) [468] 2.17(0.05)/1.81(0.05) [447] 2.29(0.40)/2.04(0.19) [441]
Greece 1.84(0.05)/1.56(0.07) [419] 1.97(0.04)/1.65(0.04) [478] 1.95(0.03)/1.65(0.04) [455] 1.68(0.09)/1.17(0.04) [542]
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Two exceptions are Greece and Turkey. In Greece immigrant students spend less time
doing homework and perform worse in all three subjects, whereas in Turkey they spend
less time doing math or science homework but obtain better results than native students.
Different from the comparison between boys and girls, the additional individual study
time of immigrant students is clearly due to both more homework time and more private
lessons. Hence, when grouping students according to different individual characteristics,
the positive relationship between more individual study time (homework time and time
in private lessons) and better scholarly achievement cannot be confirmed.
On the other hand, when grouping students according to their parents’ occupation we do
observe a positive relationship between more homework time and scholarly achievement
(see Table 3.6). Children whose parents have a white-collar occupation perform better and
they also tend to spend more time doing homework compared to children of blue collar
background. While maybe surprisingly, those from blue collar family backgrounds tend to
receive more private lessons compared to those from white collar backgrounds. However,
in most countries the sum of individual study time (homework time plus private lessons)
is on average higher for students from white collar backgrounds. An exception is Mexico
where children from white collar backgrounds perform worse in science and maths, but
also spend less time in individual study for both subjects. Hence, a positive relationship
between individual study time and scholarly achievement is robust to this grouping of
students. Regarding aspects of a student’s school environment, in most countries private
school students tend to spend more time doing homework and in private lessons than
those attending public schools, with these additional hours of time input being associated
to better achievement. The relationship does not hold for the case of Mexico, Greece,
Korea, and Finland. In the case of Mexico and Greece, private school students spend less
time in individual study but perform better than public school students, while in Finland
and Korea those attending private schools do worse even though they spend more total
time in individual study. Hence, when grouping students according to different individual
characteristics, aspects of family background, and school environment the clear relation-
ship between time input and educational outcome observed in Table 3.4 breaks down.
4 The Effect of Study Time on Achievement
More individual study time is not necessarily linked to better achievement, as statistics
in Tables 3.5 and 3.6 have shown. Other factors such as aspects of family background
and school environment seem to play an important role in determining scholarly perfor-
mance. In order to estimate the effect of individual study time on educational outcomes
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we would like to run a regression of study time on achievement that would allow us to
control for these additional factors (individual characteristics, family background, school
environment). However, the possibility of reversed causality in the relationship between
individual study time and achievement introduces an endogeneity bias and thus invali-
dates the use of a simple OLS regression for estimating an education production function.
In addition, student ability is an unobserved variable. While we suggest to use as proxies
for student ability both a dummy variable indicating if the student has repeated a grade,
as well as PISA test results from other subjects, the solution to our main problem of
endogenity stemming from reversed causality is less straight-forward.
Given that science was the PISA 2006 subject of focus and hence all students were asked
to solve some science exercises, we focus on achievement in science in this section. Ar-
guing that time spent studying maths is positively correlated with time spent studying
science but is unlikely to influence the student’s PISA science test score we propose to
use homework time and time spent in private lessons studying maths as instruments for
science study time.18 While abilities to solve math and science problems might be similar,
we argue that increasing homework time for maths has no direct effect on PISA science
test scores. Following an argument made by Ju¨rges et al [2005] we check the 77 pub-
licly available PISA 2006 science test questions and find that none of them require any
maths skills.19 Most questions require extracting information from graphs or short texts.
In addition, basic knowledge is required regarding topics such as resistance of species to
repeated treatments, cloning, day and night on earth, greenhouse gas emissions, diseases
caused by smoking, sun exposure, and unhealthy water, etc.20
However, as we saw before, homework time and private lessons in maths are correlated
with PISA maths test scores. In addition, a student’s PISA math test score is likely
to be positively correlated with his PISA science test score. Hence, in order to fulfill
our instrument’s exclusion restriction we also include the student’s PISA test score for
maths into our regression. As mentioned before the student’s math score also serves as
a continuous proxy for student ability. In order to account for school heterogeneity we
introduce school fixed effects into our regression. We thus specify the following school-
18 Pairwise correlations of homework time and private lessons for the subject of science with hours
spent studying maths at home or in private lessons lie between 0.16 and 0.55.
19Ju¨rges et al [2005] study how the existence of central exit examinations in some German states affects
the difference in results in science and maths items in the TIMSS study. In this context the authors are
also concerned about possible spill-over effects from maths to science. We follow their approach to check
the publicly available science items (in their case from the TIMSS study in our case from the PISA study)
one by one for possible maths skills needed to answer these questions.
20For sample test questions see Figure A-3 of the Appendix A-1. For all publicly available PISA 2006
science test questions see OECD [2006b].
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fixed effects instrumental variable regression for our education production function
qsi,j = βo + β1e
s
i,j + β2(e
s
i,j)
2 + β3xi,j + aj + i,j (4.1)
where i and j are subindexes for the student and the school respectively and qsi,j is the
student’s PISA science score.21 We denote student effort by (esi,j) and we consider home-
work time and time spent in private lessons for science that we instrument by using these
measures for the subject of maths. We also add homework time for science squared and
time spent studying in private lessons squared to test for decreasing returns to scale and
we instrument these variables by homework time for maths squared and by time spent in
private classes studying maths squared. Our estimation also controls for different other
variables (xi,j) including individual characteristics, family background variables, hours of
science classes and hours of science classes squared as well as the student’s PISA score
for maths.22 As measures for the student’s family background we include parents’ years
of schooling as well as the highest occupational category among parents’ and all available
information on household possessions. Students’ individual variables controlled for in our
regression are gender, age, migrant status, and if the student has repeated a grade.
The variable (aj) denotes school fixed effects. School fixed effects allow us to control for
a possible bias that might arise from the fact that some schools systematically assign
more homework than others. In this case, if we were to run a regression without school
fixed effects, the coefficient of the variable for individual homework time would also be
picking up a school’s policy of assigning more homework. In addition, sorting of students
into schools according to family background, in combination with differences in schools’
resources that might affect academic achievement of students differently (number and
quality of teachers, resources etc) could lead to a bias in an estimation without fixed ef-
fects. Hence by introducing school fixed effects into the regression we shut off any effects
of different school policies and sorting according to parental background and focus on the
direct effects of individual study time on achievement.
Table 4.7 displays the results of our weighted OLS and just-identified IV estimation for
Spain, as well as the best and worst ranked countries according to the results for science
in PISA 2006, Finland and Mexico.23
21As mentioned before, for our estimation, results are reported for one of the five plausible values
provided by PISA, only.
22 Given that students within one school might be attending different grades (repeaters, those skipping
grades, due to different cut-off-dates for school entry) class time within schools may vary.
23Our estimation does not suffer from weak instruments. F-test of excluded instruments as well as the
Angrist-Pischke multivariate F test of excluded instruments are shown in Table A-1.7 of the Appendix A-
1.
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Our coefficients of interest are β1 and β2 measuring the effect of individual study time
on scholarly achievement. Results on the effects of individual study time are mixed. In
Spain, Korea, and Greece no significant effect of an additional hour of homework time
can be found, while the effect is positive and significant in Finland, Mexico, Canada, and
Turkey.24 Studying one additional hour of science homework in these countries, raises the
PISA science test score by between 2 (Mexico) to more than 4 (Finland) standard devi-
ations. Negative and significant coefficients for the variable homework time squared in
Canada, Greece, Turkey, and Mexico indicate decreasing returns to scale to spending time
on science homework in these countries. More time spent in private lessons has a negative
and significant effect on scholarly achievement in Spain, Mexico, and Canada. This effect
is particularly important in Canada, where an additional hour of private lessons leads
to a reduction in the PISA science test scores of around 8 standard deviations. While
the negative effect of more private lessons on scholarly achievement might at first seem
puzzling, this could be due to the lack of a good proxy for student ability.
Regarding time spent studying in class, more hours of class time significantly increase
PISA test scores for students in Spain, Finland, Mexico, and Greece. On the contrary, no
significant effect of an additional hour of class time can be found for Korea and Canada.
This difference in findings can be interpreted in line with the classification of countries
according to the OECD [2011](see page 11). In Canada and Korea students receive more
absolute and relative classes compared to the OECD average and hence an additional
hour of class time does not raise PISA test scores.25 On the other hand, in Finland and
Spain students receive fewer absolute but more relative classes compared to the OECD,
still leaving quite some room for further increases in classtime. The same holds true for
Greece where students receive absolute and relative fewer classes. Increases in the PISA
science test score per additional weekly hour of science class are around 2 standard de-
viations and lie within the range of coefficients reported in Lavy [2010].26 Furthermore,
Mexico and Turkey, countries where students receive more classes in absolute terms but
fewer in relative terms compared to the average OECD show very different results in
terms of the effect of an additional hour of class time. The effect is negative in Turkey,
while positive in Mexico. One possible explanation for the negative coefficient in Turkey
could be that certain students who receive extra classes are students of a lower ability,
not picked up by the fact that they might be repeating a class, or by their lower PISA
24For results for the remaining countries as well as the OECD average see Tables A-1.5 and A-1.6 of
the Appendix A-1.
25While not significant, across all countries coefficients on class time squared are negative suggesting a
reduced impact of further increases in class time.
26Lavy [2010] finds increases of 4 to 7 points in the PISA score per additional hour of instruction (class
time). Standard deviations in the PISA science score are around 2-3 points (see Table 2.1).
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maths score. The effect in Mexico is smaller than the one observed for Finland, Spain,
or Greece possibly due to the fact that Mexican students already receive a lot of science
classes. However, the fact that these make up little of total study time leaves some room
for increasing class time. In addition we observe that in countries where both homework
time and class time are significant (Mexico, Finland), the effect of one hour of additional
class is smaller than the effect of one additional hour of homework. Given that we control
for school-fixed effects, the variation in class time within one school might be smaller than
the variation in homework time.
In line with the reported average test scores for students of different parental backgrounds
in Table 3.6, coefficients of variables relating to parental background show the expected
signs. Across all countries, having parents with more years of schooling and/or of higher
occupational classifications increases a student’s PISA test score in science. For instance,
seven additional years of parents’ schooling (from basic secondary education of 9 years
of schooling to finishing a university degree after 16 years of schooling) increase PISA
test scores in science by between less than one standard deviation in Mexico to almost 4
standard deviations in Canada. In Korea and Spain, having parents of low white collar
occupation instead of high white collar occupations leads to a decrease in the PISA science
score by more than 1 standard deviation. Note that due to the use of school-fixed effects
in our regression the coefficients for variables referring to parental background have to be
interpreted net of the selection effect that might arise from students from more advan-
tageous family background attending different schools than those from less advantageous
family backgrounds. In addition, given that we also control for all household possession
(see Table A-1.1 and of the Appendix A-1 for the exhaustive list of these variables), the
positive effect of family background is also not due to better study environments pro-
vided by possessing a desk, a studyplace, educational software, textbooks etc. We can
thus only conjecture that maybe parents of higher education or higher occupational pro-
fessions might be in a better position to monitor their children’s scholarly performance
compared to parents with less schooling or of lower professions.27 In line with our findings
in Table 3.5 being an immigrant has a negative and significant effect on test scores in all
countries, while being a girl has a significantly negative effect on scholarly achievement
in Mexico and Spain, whereas in all other countries the effect is positive and significant.
Overall it seems that in many countries in particular more class time has a positive
and significant effect on student’s science knowledge as tested by PISA, independent of
aspects of school environment as are a school’s resources, the number and quality of its
27One could even suggest that more flexible work hours in certain professions facilitate the task of
monitoring children.
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teachers, the school’s ownership, etc. More time spent doing homework has a positive and
significant effect in few countries, but there its effect seems sizable. On the other hand ,
in most of the seven countries, more private lessons seem to affect educational outcome
negatively.
5 Conclusion
Time input is one of the main ingredient for scholarly achievement. Looking at data
from PISA 2006, we find that across countries, absolute time spent studying (class time
homework time and time spent in private lessons) is unrelated to scholarly achievement,
while a larger fraction of total study time spent in the classroom is associated to better
performance. However, at the country level more total study time (class time plus home-
work time) is associated to better performance. When considering different groups of
students, this positive relationship between time input and scholarly achievement breaks
down. In particular girls and students with a migratory background spend more time
doing homework and in private lessons but perform worse.
We estimated a production function for education instrumenting homework time and time
spent in private lessons for one science by time spent studying math. While the produc-
tivity of additional study time varies across countries, overall results show that more
classes and to a lesser extent more time spent doing homework have a positive effect on
scholarly achievement while the effect of private lessons is negative or at most insignificant.
To further investigate differences in productivity of study time across countries, separate
estimations of education production functions for different groups of students, according
to parental background or achievement (quantile regressions) should be employed. In
addition, our results on the importance of parental background for scholarly achievement,
independently of parent’s school choice and household possessions suggest a road for fur-
ther research. A closer look at studying techniques employed by students of different
parental backgrounds could be a staring point.
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Table A-1.1: Possessions PISA 2006: Weighted Means (% missing observations)
Countries: Spain Finland Korea Canada Mean OECD
Room 85.39%(0.49%) 93.28%(0.30%) 77.31%(0.14%) 93.43%(2.3%) 81.86%(1.32%)
Studyplace 92.95%(0.75%) 95.01%(0.36%) 82.19%(0.29%) 91.16%(2.5%) 87.92%(1.56%)
Computer for school work 88.07%(0.70%) 95.33%(0.28%) 97.20%(0.12%) 96.27%(2.30%) %(1.47%)
Internet Connection 65.79%(1.05%) 92.65%(0.30%) 96.51%(0.17%) 93.98%(2.40%) 73.16%(1.77%)
Own Calculator 96.80%(0.50%) 97.20%(0.36%) 76.97%(0.31%) 98.27%(2.3%) 93.22%(1.21%)
Poetry 62.94%(1.28%) 56.37%(0.76%) 65.69%(0.21%) 41.82%(3.00%) 50.85%(2.36%)
Art 51.74%(1.50%) 76.90%(0.59%) 45.53%(0.46%) 74.75%(2.70%) 56.40%(2.29%)
School textbooks 89.07%(0.78%) 86.49%(0.57%) 81.00%(0.25%) 79.79%(2.70%) 85.57%(1.68%)
Dictionary 99.43%(0.50%) 92.70%(0.38%) 98.61%(0.14%) 98.15%(2.40%) 97.05%(1.17%)
Dishwasher 67.67%(1.02%) 89.80%(0.34%) 26.19%(0.50%) 78.21%(2.7%) 59.71%(1.98%)
DVD player 98.46%(0.45%) 98.00%(0.28%) 78.51%(0.31%) 99.42%(2.30%) 93.92%(1.21%)
Cellphone 99.73%(0.57%) 99.98%(0.25%) 98.91%(0.17%) 91.45%(2.5%) 95.95%(1.07%)
More than 1 cellphone 97.58%(0.57%) 99.51%(0.25%) 93.51%(0.17%) 71.02%(2.5%) 87.60%(1.07%)
Computer 89.96%(1.16%) 96.92%(0.40%) 98.14%(0.48%) 95.44%(3.1%) 83.86%(1.61%)
More than 1 computer 30.98%(1.16%) 50.29%(0.40%) 25.69%(0.48%) 54.95%(3.1%) 38.58%(1.61%)
TV 99.85%(0.66%) 97.70%(0.28%) 99.37%(0.33%) 99.45%(2.43%) 99.11%(1.05%)
Car 93.69%(1.27%) 94.59%(0.45%) 85.41%(0.46%) 95.41%(3.0%) 87.73%(1.70%)
More than 1 Car 55.40%(1.27%) 56.40%(0.45%) 26.23%(0.46%) 71.59%(3.00%) 56.96%(1.70%)
Mexico Turkey Greece
Room 47.16%(2.91%) 68.57%(0.93%) 88.27%(0.57%)
Studyplace 75.10%(2.73%) 83.47%(0.99%) 85.00%(1.64%)
Computer for school work 42.03%(3.40%) 38.25%(1.34%) 73.96%(1.58%)
Internet Connection 23.29%(4.10%) 24.55%(1.80%) 53.42%(2.65%)
Own Calculator 94.86%(1.82%) 85.96%(0.69%) 69.92%(2.44%)
Poetry 49.75%(3.33%) 65.28%(1.05%) 53.16%(2.50%)
Art 33.24%(4.07%) 35.19%(1.46%) 43.13%(3.16%)
School textbooks 79.75%(2.53%) 86.07%(0.97%) 79.58%(1.37%)
Dictionary 98.02%(1.65%) 95.21%(0.67%) 97.41%(0.51%)
Dishwasher 11.31%(4.32%) 45.29%(1.54%) 65.51%(1.68%)
DVD player 78.70%(2.46%) 45.29%(0.83%) 95.36%(0.68%)
Cellphone 78.01%(1.89%) 96.36%(0.34%) 99.42%(0.48%)
More than 1 cellphone 55.04%(1.89%) 80.18%(0.34%) 97.11%(0.48%)
Computer 42.83%(3.21%) 38.71%(1.13%) 77.45%(1.41%)
More than 1 computer 8.90%(3.21%) 3.58%(1.13%) 18.17%(1.41%)
TV 96.97%(1.01%) 99.25%(0.38%) 99.60%(0.64%)
Car 57.75%(3.44%) 48.52%(1.23%) 93.47%(0.87%)
More than 1 Car 25.88%(3.44%) 6.95%(1.23%) 52.44%(0.87%)
Table A-1.2: Average Hours per Year of Instruction Time at Age 15
Total Hours Reading Maths Science
Spain 978 158 112 106
Finland 858 110 99 114
Korea 1020 130 110 110
Mean OECD 962 150 121 114
Mexico 1124 161 161 193
Turkey 959 141 132 151
Greece 1307 162 149 124
Data: OECD [2006a]; data for Canada not available. Average number of hours per year of compulsory
and non-compulsory instruction time in public institutions at age 15 (typical programme); Due to data
limitations, hours for subjects have been calculated using information on: Instruction time per subject
as a percentage of total compulsory instruction time for 12-to-14-year-olds.
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Figure A-1: Country Average Fraction of Total Time Spent Doing Homework and Average
PISA Score
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Figure A-2: Country Average Fraction of Total Time Spent in Private Classes and Average
PISA Score
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Table A-1.3: PISA 2006: Study Time and Proficiency Level: Fractions of Study Time
Fractions of total study time dedicated to class/homework/private classes:
according to type of achiever
Mathematics Low (< 420) Top(> 607)
Spain 53.90%/27.09%/16.20% 6276%/31.51%/5.67%
Finland 64.92%/21.98%/11.04% 72.96%/23.25%/3.58%
Korea 65.19%/16.82%/13.99% 49.00%/26.41%/24.53%
Canada 52.80%/24.79%/17.65% 66.21%/24.40%/7.43%
Mean OECD 55.11%/28.50%/18.02% 63.99%/27.87%/8.61%
Mexico 52.27%/31.59%/15.54% 66.74%/27.06%/6.20%
Turkey 47.37%/20.14% 49.81%/25.60%/24.32%
Greece 48.88%/24.47%/23.47% 48.76%/25.59%/25.71%
Science Low (< 409) Top(> 632)
Spain 50.08%/26.80%/14.94% 64.27%/30.66%/3.00%
Finland 59.09%/24.22%/11.84% 73.33%/22.92%/3.31%
Korea 69.27%/15.36%/9.54% 61.65%/21.92%/16.02%
Canada 49.53%/24.40%/12.59% 68.10%/24.59%/4.81%
Mean OECD 54.29%/30.96%/16.68% 68.78%/26.00%/5.76%
Mexico 43.99%/34.71%/15.52% 58.94%/29.32%/6.17%
Turkey 37.33%/21.78%/15.38% 51.47%/24.41%/24.12%
Greece 40.81%/27.51%/24.84% 51.40%/25.43%/23.31%
Reading Low (< 407) Top(> 625)
Spain 62.49%/29.15%/7.29% 68.71%/30.73%/0.80%
Finland 70.18%/22.79%/5.97% 71.34%/24.87%/3.55%
Korea 65.87%/17.10%/16.44% 61.68%/19.29%/18.93%
Canada 63.45%/22.80%/10.13% 67.74%/23.42%/5.89%
Mean OECD 62.65%/26.17%/12.01% 60.26%/27.43%13.11%
Mexico 56.25%/29.24%/13.30% 64.72%/26.78%/6.95%
Turkey 54.74%/25.08%/19.52% 67.43%/18.74%/13.83%
Greece 50.93%/26.40%/20.58% 55.11%/26.50%/17.27%
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Table A-1.4: Characteristics of Low and Top Achievers
Private School Parents High White Collar Migrants Possess Literature
Maths Low Achiever/Top Achiever
Spain 23.99%/52.36% 25.49%/63.59% 11.84%/2.60% 58.54%/83.53%
Finland 5.38%/2.93% 40.54%/68.42% 6.44%/0.45% 31.76%/68.28%
Korea 47.57%/44.13% 59.17%/74.09% - 44.92%/84.50%
Canada 2.78%/12.51% 50.27%/77.85% 25.60%/21.12% 29.57%/53.73%
Mean OECD 9.00%/22.68% 37.45%/73.71% 11.95%/5.96% 49.25%/70.41%
Mexico 10.91%/32.63% 25.08%/63.79% 3.25%/0.72% 44.18%/78.79%
Turkey 2.03%/1.95% 29.71%/64.96% 1.18%/3.12% 58.21%/88.27%
Greece 1.84%/13.45% 41.61%/77.89% 9.98%/2.84% 68.93%/89.10%
Science Low Achiever/Top Achiever
Spain 23.66%/50.82% 23.19%/67.15% 12.79%/2.98% 54.39%/87.14%
Finland 6.10%/3.53% 39.29%/69.03% 6.93%/0.23% 31.95%/69.43%
Korea 47.09%/43.90% 61.29%/76.31% 0 48.44%/87.15%
Canada 2.73%/11.94% 50.02%/79.35% 29.61%/19.03% 28.78%/56.74%
Mean OECD 9.27%/20.17% 35.55%/75.49% 13.02%/5.28% 39.66%/70.48%
Mexico 10.31%/47.83% 23.59%/77.94% 3.61%/0.30% 42.79%/74.35%
Turkey 2.12%/2.77% 28.87%/75.10% 1.48%/4.73% 55.45%/92.65%
Greece 1.07%/15.94% 37.37%/81.63% 11.67%/3.82% 63.94%/91.73%
Reading Low Achiever/Top Achiever
Spain 36.37%/58.40% 40.97%/66.04% 6.44%/2.82% 70.95%/85.62%
Finland 2.94%/3.84% 56.48%/69.21% 1.52%/0.76% 54.51%/70.89%
Korea 46.40%/47.08% 67.75%/73.78% - 72.29%/84.94%
Canada 7.33%/12.53% 66.80%/79.06% 21.04%/19.58% 42.10%/56.64%
Mean OECD 14.65%/11.96% 54.51%/66.86% 8.85%/12.15% 53.33%/53.18%
Mexico 16.43%/39.47% 34.68%/62.91% 1.57%/0.05% 51.37%/73.73%
Turkey 2.36%/0.62% 36.67%/69.65% 1.47%/0.53% 67.05%/93.63%
Greece 5.54%/17.10% 55.75%/79.30% 7.32%/4.75% 78.84%/89.90%
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Figure A-3: Examples of PISA Science Test Questions
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Table A-1.6: Coefficients from Weighted OLS and IV School-Fixed effect regression
Turkey Mean OECD*
OLS IV OLS IV
Hour of Homework -1.659 (1.189) 9.573** (4.650) 2.797*** (0.190) 6.079*** (0.561)
Hwk2 0.279 (0.182) -1.162* (0.700) -0.317*** (0.031) -1.041*** (0.0969)
Private Lessons -0.914 (1.086) -3.239 (3.580 -2.637*** (0.200) -6.154*** (0.579)
PrivLess2 0.118 (0.174) -0.129 (0.622) 0.163*** (0.040) 0.223 (0.143)
Hour of Class 0.011 (1.006) -2.788* (1.513) 2.461*** (0.176) 2.534*** (0.203)
Class2 0.191 (0.134) 0.557*** (0.182) -0.121*** (0.0240) -0.0665** (0.0268)
Girl 10.81*** (1.426) 10.52*** (1.456) 4.312*** (0.210) 3.954*** (0.214)
Age 6.630*** (2.196) 6.846*** (2.248) 1.567*** (0.338) 1.678*** (0.341)
Repeater 8.687*** (1.743) 5.515*** (2.009) -3.023*** (0.506) -2.953*** (0.509)
Migrant -14.42*** (5.418) -15.71*** (5.524) -11.37*** (0.465) -10.69*** (0.469)
Parents’ Years of Education 0.397* (0.221) 0.471** (0.225) 0.478*** (0.040) 0.497*** (0.040)
Low White Collar 0.147 (1.921) -0.108 (1.957) -2.593*** (0.249) -2.587*** (0.250)
High Blue Collar -2.052 (1.621) -2.356 (1.648) -3.234*** (0.323) -3.264*** (0.325)
Low Blue Collar -2.167 (2.142) -3.393 (2.200) -4.333*** (0.395) -4.351*** (0.397)
PISA Math Score 0.646*** (0.011) 0.654*** (0.011) 0.842*** (0.002) 0.835** (0.002)
Constant 39.07 (36.07) 46.67*** (5.591) *
Observations 3,916 3,916 206,703 206,703
Number of schools 160 160 8,727 8,727
R-squared 0.809 0.538 0.829 0.657
All regressions include dummies for possessions (desk, room, study place,computer, software, internet, calculator, literature, etc.
*OECD without US given that entry dates for primary school vary by state and hence no dummy variable for repeater could be constructed.
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Table A-1.7: Test Statistics
F-Test Statistics of Excluded Instruments
//Angrist-Pischke multivariate F test of excluded instruments
Homework Hwk2 Private Lessons Pr. Lessons2
Science Science2 Science Science
Spain 1696.12//541.44 1746.23//558.49 2137.27//1038.62 1893.97//925.82
Finland 355.87//100.69 259.38//61.55 427.4//51.07 154,37//15.62
Korea 243.58//72.60 167.76//51.43 278.52//82.52 177.29//55.82
Canada 1752.60//596.89 1604.76//542.74 1563.25//597.21 893.89//336.98
Mean OECD 14101.08//4054.95 12319.99//3636.65 13764.44//5587.57 8393.28//3467.06
Mexico 2452.22//456.74 2438.01//466.72 2129.27//866.86 1230.45//499.21
Turkey 239.90//36.00 239.72//39.13 239.09//54.14 179.86//45.52
Greece 328.73//90.73 299.86//81.41 274.41//76.92 218.70//57.91
P-values for all F-test statistics and Angrist-Pischke multivariate F test of excluded instruments
are equal to zero, except for the case of Finland in the instrument Pr. Lessons 2 Science
in which the P-value of the Angrist Pischke statistic is equal to 0.0001 .
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